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7) ABSTRACT

Asystem to perform measurements on liquids, meat, viscous
sugar or starch-based materials, and other foodstuffs using
air-coupled ultrasound is provided. The technique uses ultra-
sonic transducers (advantageously capacitive transducers
with polymer membranes), to generate ultrasonic signals in
air, and to receive these signals after they have passed
through the material under test. An ultrasonic pulse-com-
pression process is then applied to increase the sensitivity of

(86) PCT No.: PCT/GB03/00828 signals transmitted through the materials.
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METHOD OF INSPECTING FOOD STUFFS
AND/OR ASSOCIATED PACKAGING

FIELD OF THE INVENTION

[0001] The invention relates to a method for inspecting
foodstuffs and/or associated packaging to detect an irregu-
larity therein or a value of a parameter thereof.

BACKGROUND OF THE INVENTION

[0002] The need to test foodstuffs in an industrial context
has increased over the last twenty years for a number of
reasons. Firstly as the world becomes more litigious, manu-
facturers need to ensure that no foreign bodies are included
in with their products: a single piece of glass could poten-
tially ruin a company.

[0003] Secondly, as manufacturers mass-produce their
products, there is a need to ensure that the quantity of food
within a container is exact. For example an extra 3 cc within
each soft-drink bottle over a production run of hundreds of
thousands of units per week will cost the manufacturer
thousands of pounds, which can be saved by using a more
exact on-line measuring system in the packing/bottling
plant.

[0004] Thirdly, processed meat and fish products such as
beef-burgers, fish-fingers and ‘chicken nuggets’ will inevi-
tably contain a small number of bones, as a consequence of
the processing not being 100% perfect. This is highly
undesirable, as finding a bone in one of these products is
unpleasant to the consumer, especially if he or she is a child.
This will tarnish the reputation of the manufacturer, and will
reduce the repeat-buying of the product. A method of
checking for bones in the ‘de-boned’ product is therefore
highly desirable.

[0005] Finally, there are an assortment of material prop-
erties of the food material that might be desirable to mea-
sure. These might include measuring the homogeneity of the
material (for example the homogeneity of strawberry jam is
determined by the number of strawberries in it), or the
velocity profile of the material, which can be used to
measure the temperature distribution within a container. It is
also desirable to be able to test the characteristics of the
packaging material itself, since this could also affect the
product shelf-life.

[0006] There has been considerable activity in this general
area: much research has been carried out on the use of
physical measurements to determine the properties of food.
This can be to determine the physical properties of the
foodstuff (eg. in emulsions, powders and other forms), or to
detect foreign objects, surface defects and food contamina-
tion. In particular, there has been recent interest in using
ultrasound to investigate the content of food products. One
reason for this is that any change in the acoustic property of
the test medium could then be related to changes in the food
product.

[0007] Ultrasound has the ability to differentiate between
both the propagation velocity within various media, and the
differences in acoustic impedance between different regions
within a given volume. Thus, using the usual contact or
immersion techniques, ultrasound can be used to measure
the moisture content of the food products and for liquid level
measurement. However, these techniques require a coupling
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medium between the test sample and the transducer surface
and this can be a considerable drawback. In certain cases, the
need to use a couplant makes testing difficult, for instance if
contamination of the food or container has to be avoided.
For these reasons, X-rays have been used to detect anoma-
lies or foreign objects present in food, usually in through-
transmission. This is undesirable for several reasons, includ-
ing cost and operator-safety concerns. Other techniques such
as Magnetic Resonance Imaging (MRI) can be used to study
the temperature distribution in food samples, although this is
an expensive and complicated method.

SUMMARY OF THE INVENTION

[0008] In accordance with the invention there is provided
a method of inspecting foodstuffs and/or associated pack-
aging to detect an irregularity in, or a value of a parameter
of, said foodstuffs and/or associated packaging, comprising:
driving an ultrasonic transmitter with a swept-frequency
chirp signal, to produce a transmitter output signal; passing
the transmitter output signal through a food item and/or item
of associated packaging to be inspected and through any
intervening air between said food item and/or item of
associated packaging and the transmitter; receiving the
emerging signal in an ultrasonic receiver; cross-correlating
the received signal with a reference signal corresponding to
the driving chirp signal, and detecting from the result of the
cross-correlation step the presence of said irregularity or the
value of said parameter.

[0009] Such a method can be used for a variety of appli-
cations. These may include the detection of variations in
consistency within starch or sugar-based (viscous liquid)
foodstuffs, the detection of liquid level in polymer-based
soft-drink bottles, the detection of foreign objects within
foodstuffs (such as bones in fish and meat). Furthermore, the
method can be combined with techniques such as tomo-
graphic imaging and phased-array imaging to produce
images of the material being tested. Testing may be carried
out on the packaging containing the foodstufts in addition to,
or in place of, the foodstuffs themselves.

[0010] Advantageously, the ultrasonic transmitter and
receiver may take the form of a polymer-film capacitive
transducer, since this has a broad bandwidth response and
can therefore be used to provide images of a wide range of
substances and materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the invention will now be
described, purely by way of non-limiting example only, with
reference to the drawings, in which:

[0012] FIG. 1 illustrates an arrangement in accordance
with the invention for detecting bones in a fish sample, and

[0013] FIG. 2 is a sectional diagram of a capacitive
transducer,
[0014] FIG. 3 shows the use of the method of the present

invention for detecting the level of a liquid.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0015] There are two basic approaches to the generation
and detection of ultrasound in air. The first is to use a
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piezoelectric transducer system, which has been optimised
to work at a chosen centre frequency. Such transducers can
be of conventional piezo-ceramic, or constructed from 1-3
connectivity composites. In both cases, a matching layer, or
set of layers, are used to match the impedance to air. The
result is typically tuned to the resonant frequency for
through-transmission of the solid sample in air. This opti-
mises signal levels and allows imaging to take place. The
technique, however, can only operate over a range of sample
configurations, as the bandwidth has to be carefully con-
trolled.

[0016] The present invention employs an alternative tech-
nique which is to use capacitance transducers. These have a
much wider bandwidth and can be used under wide-band-
width transient excitation to give images of a range of
materials including composites, metals etc. Through-trans-
mitted signals for conventional impulsive excitation give
information about the sample, but are of low amplitude, and
hence would conventionally require signal averaging to
improve the signal-to-noise levels. By contrast, the present
invention uses a pulse compression technique to exploit the
natural bandwidth of polymer-filmed capacitance devices,
and to increase the signal-to-noise ratio to a level where it is
suitable for on-line industrial testing. This technique uses a
swept-frequency ‘chirp’ signal, which is used to provide a
broad-bandwidth transient, which can be detected and pro-
cessed in air using a cross-correlation technique. This
approach greatly improves the signal-to-noise ratio, while
simultaneously giving excellent time resolution. A chirp
signal can be represented as

C(H)=H(t)sin(w+nBr*/T)0<t<T @)
[0017] Where

[0018] o, is the starting angular frequency;
[0019]
[0020]
[0021]

B is the bandwidth of the signal;
T is the duration of the pulse.
H(t) is a Hanning filter function.

[0022] The Hanning filter is important to ensure good
sensitivity, and helps to reduce the amount of side lobes in
the signal.

[0023] In order to produce the compressed pulse signal,
P(t), the received low amplitude signal C(t) from any
experiment is band-pass filtered within the chirp bandwidth
to reduce noise levels. The waveform is then cross-corre-
lated with the reference signal C(t):

PO=C(H*Cr(9] @

[0024] The compressed pulse, P(t), is thus produced by the
correlation of the received signal C(t) with the original
reference signal, C(t). The correlated result is in the form of
a time signal, the position of which represents the position
in time of the transmitted signal. Signal-to-noise ratios are
greatly improved with respect to a conventional through-
transmitted transient signal. The pulse compression output
can be interpreted much like a conventional ultrasonic
waveform, in that the amplitude of the compressed pulse as
a function of time is related to the amplitude of the received
chirp waveforms as a function of time. |P(t) | also contains
information concerning the material through which the
signal has travelled.
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[0025] There are thus three primary benefits of this pulse-
compression technique as applied to air-coupled measure-
ments of foodstuffs. Firstly, the accuracy of time-of-flight
measurements will be improved when using pulse-com-
pressed techniques Secondly, such a coded waveform has
the advantage that it can be detected when the received chirp
level is well below the noise floor of the detector (i.e. since
the noise is random and thus un-correlated with the chirp
shape). Finally, high ultrasonic energy levels can be trans-
ferred into a material due to the use of a chirp signal, to give
a good signal-to-noise ratio (SNR).

[0026] In order that the invention may be more fully
understood, two specific realisations of an ultrasonic test
method for the testing of foodstuffs in accordance with this
invention will now be described, by way of example. The
first realisation concerns the detection of fish bones and is
illustrated in FIGS. 1 and 2.

[0027] The apparatus shown in FIG. 1 includes a capaci-
tive ultrasonic transmitter 10, which is directed towards an
item of food 12 placed, along with other such items, 14, 16
on a conveyor belt 18 and positioned by movement of the
belt to be directly underneath the transmitter 1. Underneath
the belt 18 is a capacitive receiver 20, which is essentially
of the same design as the transmitter 10 and receives
ultrasonic energy from the transmitter after it has traversed
the thickness of the food item 12.

[0028] The form of the transmitter 10 and receiver 20 is
shown in FIG. 2. In FIG. 2 the ultrasonic transducer, which
is known per se in the literature, comprises a micromachined
silicon backplate 22, which contains arrays of small cylin-
drical holes 24. These holes act as air springs underneath a
membrane 26, which takes the form of a metallised polymer
film and has on an outer surface thereof a conducting
electrode 28. The backplate is coated with gold to make it
conducting, while the outer electrode 28 of the membrane is
grounded.

[0029] As already stated, this type of transducer can be
used either as a source or as a detector. As a source, a
transient driving voltage 30 is applied from an ultrasonic
pulse compression unit 32 together with an optional dc bias
voltage 34, the two voltages being combined in a coupling
box 36. As a receiver, the bias voltage is required to give
charge variations when the membrane moves, these charge
variations being picked up in a charge amplifier 38 (FIG. 1).
The transducers in the present system have an active aper-
ture of 10 mm diameter, and are fitted into a fully shielded
metallic case.

[0030] The arrangement of FIG. 1 is used to detect a bone
in a fish fillet 12. The transmitted signal will change when
a bone is present in the area under test (due to ultrasonic
reflections at the bone/flesh interface) this change being
displayed in, eg., an oscilloscope 40. This can trigger an
alarm, indicating the presence of a bone. For practical
testing of foodstuffs in an industrial environment (on a
production line), multiple sources and/or receivers may be
necessary to ensure that an adequate width of test is covered.

[0031] A second use of the method according to the
invention is shown in FIG. 3. In this arrangement the height
of liquid within a container 40 is accurately measured and
since the container’s dimensions are known, the volume of
liquid can also be accurately determined.
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[0032] In this arrangement, a pair of transducers 42, 44 are
aimed at the nominal surface level 46 of liquid in a con-
tainer, (eg. a soft drink in a bottle), the angle of inclination
of the transducer being an angle 6 suitable to achieve this.
The ultrasonic beam from the transmitter 42 is slightly
fanned out and covers a given width at the liquid surface,
being then reflected off of the underside of the liquid surface
46 and impinging on the receiver 44. A variation of the liquid
level within the container causes the time of arrival of the
ultrasound at the receiver 44 to vary accordingly, this time
of arrival being measured and the liquid volume calculated
accordingly. It should be noted that the variation in liquid
level is not anticipated to be great, so that angle 6 can remain
constant during measurement. The arrangement and opera-
tion of the electronic apparatus is the same as for the first
example.

[0033]
[0034]
[0035] b) relatively inexpensive to install and operate
[0036]

[0037] d) non-invasive (i.e. it does not affect the
sample under test)

[0038]

[0039] Insummary, then, a new air-coupled (non-contact-
ing) ultrasonic technique has been developed, which can be
used to measure properties of food which are of interest to
the food manufacturing/processing industry. This incorpo-
rates two (or more) ultrasonic transducers, which are advan-
tageously broadband capacitive types, together with a pulse-
compression signal-processing technique. The combination
shows good signal-to-noise ratio for ultrasonic through-
transmission, is suitable for incorporation onto a production
line, and can be used to measure a variety of parameters,
including the level of liquid within a container, either by
monitoring the amplitude of through-transmission, or by
using a reflection from the water surface.

It can be seen that this technique is:

a) non-contacting

¢) intrinsically operator safe

¢) suitable for installation on a production line

[0040] The technique can also be used to detect the
presence of foreign objects within foodstuffs, bones in fish
or meat, and other parameters, such as temperature profiles
or food homogeneity. It can also be applied to foodstuffs in
containers, to containers alone and to foodstuffs where no
container is used. It can be combined with other techniques,
such as tomographic reconstruction and phased-array scan-
ning, to generate images of the foodstuffs being tested, using
single transducers, multiple transducers, or transducer
arrays.

1-8. (canceled)

9. Method of inspecting foodstuffs and/or associated
packaging to detect an irregularity in, or a value of a
parameter of, said foodstuffs and/or associated packaging,
comprising:

driving an ultrasonic transmitter with a swept-frequency
chirp signal to produce a transmitter output signal;

Jul. 21, 2005

passing the transmitter output signal through a food item
and/or item of associated packaging to be inspected and
any intervening air between said food item and/or item
of associated packaging and the transmitter;

receiving the emerging signal in an ultrasonic receiver;

cross-correlating the received signal with a reference
signal corresponding to the driving chirp signal; and

detecting from the result of the cross-correlation step the
presence of said irregularity or the value of said param-
eter.

10. Method according to claim 9, wherein the irregularity
is one or both of: a variation in consistency of said food item
and the presence of a foreign body in said food item.

11. Method according to claim 9, wherein the food item
is a liquid and the emerging signal is the transmitter output
signal as reflected from a surface of the liquid, the detection
step detecting the position of said surface.

12. Method according to claim 9, wherein a capacitance
transducer having a polymer-film membrane is used as the
transmitter and receiver.

13. Method according to claim 10, wherein a capacitance
transducer having a polymer-film membrane is used as the
transmitter and receiver.

14. Method according to claim 11, wherein a capacitance
transducer having a polymer-film membrane is used as the
transmitter and receiver.

15. Apparatus for inspecting foodstuffs and/or associated
packaging to detect an irregularity in, or a value of a
parameter of, said foodstuffs and/or associated packaging,
comprising:

an ultrasonic transmitter and an ultrasonic receiver;

a supporting surface for supporting a food item and/or
item of associated packaging, the supporting surface
being positioned between the ultrasonic transmitter and
receiver and the ultrasonic transmitter and receiver
each being orientated such as to face said food item
and/or item of associated packaging;

a chirp signal source for driving the ultrasonic transmitter;

an amplifier for amplifying a signal received by the
ultrasonic receiver; and

a processing means connected to the amplifier and com-
prising a source of a reference signal corresponding to
said driving chirp signal and a cross-correlating means
for cross-correlating the reference signal and the ampli-
fied received signal, an output of the cross-correlating
means providing, in use, an indication of the presence
of said irregularity or the value of said parameter.

16. Apparatus according to claim 15, wherein the ultra-

sonic transmitter and receiver are a polymer-film capacitive
ultrasonic transducer.



